Objectives-The purpose of this study was to evaluate distending the stomach with water for ultrasound detection of focal lesions in the elongated left lobe of the liver.
U ltrasonography has been used widely for liver focal lesion screening in recent decades. If anomalies are found in initial ultrasound screening, further interrogation and management may entail. However, if anomalies are not found in the ultrasound screening, a false negative report may be issued and erroneous diagnosis and delayed treatment may occur. Therefore, accurate and reliable ultrasound examination of the liver is important in clinical practice. However, the entire structure of the liver is sometimes hardly exhibited with satisfaction at transabdominal ultrasound. For example, the elongated left lobe of the liver (ELLL) is usually not visualized well, which adds to the probability of missing detection of focal liver lesion. 1, 2 Elongated left lobe of the liver is characterized by the left lobe of the liver being elongating to exceed the stomach and spleen, and reaching the left abdominal wall.
1,2 A previous study showed that focal lesions in the ELLL are easily missed at ultrasound examination, primarily because the ELLL cannot be visualized completely, which causes the lesions in it not to be detected. 1 Meanwhile, another study shows that distending the stomach with water can make the ELLL entirely visible. 2 Visualization of the ELLL is the prerequisite to detecting the focal lesion in it, but the sonographic detection of focal lesions in the liver involves several factors, including size, location, echogenicity, and ultrasound resolution. [3] [4] [5] [6] The effect of distending the stomach with water to enable the focal lesions in the ELLL to be detectable remains unknown. The purpose of this study was to investigate the effect of distending the stomach with water on the ultrasound detection of focal lesions in the ELLL.
Materials and Methods
Design, Setting, and Study Population This prospective study was approved by the institutional ethics committee of the First Affiliated Hospital of Hainan Medical College, and informed consent was obtained from all patients to be included in the study. All procedures were followed in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the World Medical Association Declaration of Helsinki (revised in 2000). This study was conducted from July 2013 to December 2016 in our tertiary hospital, and was approved by the institutional review board. A total of 13,277 consecutive patients undergoing ultrasound examination for the liver, gallbladder, pancreas, and spleen were recruited, and some of them underwent computed tomography (CT) evaluation. They were examined to determine whether ELLL was present, and whether there were focal lesions in the liver (especially in the ELLL). The selection process is shown on Figure  1 . The patients who were included in our study (from the original 13,277 patients) met the following inclusion criteria: (1) They were found to have ELLL by ultrasound study; (2) they underwent concomitant CT evaluation; and (3) they were able to drink enough water for additional ultrasound evaluation of focal lesions in the ELLL. Patients were excluded from the study if they had splenomegaly or splenectomy, or did not agree to drink enough water for additional ultrasound evaluation of focal lesions in the ELLL. One hundred consecutive patients (57 males, 43 females, age range 20 to 72 years, mean age 44.7 years) without ELLL were selected as a control group for the analysis of the ELLL. Twenty consecutive patients (13 males, 7 females, age range 24 to 79 years, mean age 55.3 years) without focal lesion in the ELLL were selected as a control group for the analysis of focal lesions in the ELLL. The sonographic detecting ability of focal lesions in the ELLL was assessed with reference to the findings on the CT.
Ultrasound Examination
The ultrasound examination was performed by an ultrasound radiologist with 14 years of experience. Aloka ProSound a 10 (Hitachi Aloka Medical Ltd, Tokyo, Japan) and Siemens Acuson S2000 (Siemens Medical Solutions USA, Malvern, PA) ultrasound systems were used, with a convex transducer with frequency of 2 to 5 MHz. The preset was adjusted to abdominal mode. At ultrasound scanning, the gain of gray scale, the time-gain compensation, and the focal zone were adjusted to suitable condition, enabling the detecting region to display clearly. During the scan of the liver, the patients were supine and/or lateral decubitus, and were instructed to suspend inspiration or expiration if necessary. The liver was scanned from different views and angles, with the acoustic beam directing to the ELLL from subxiphoid and subcoastal areas, enabling the ELLL and the spleen to display on the same view. The patients who had been found with ELLL at initial ultrasound examination were required to drink about 400 to 700 mL of water, and were then reevaluated to detect any focal lesions in the ELLL. The liver was observed carefully, and representative images of abnormal findings were saved in the Picture Archiving and Communication Systems.
Computed Tomography Evaluation A total of 2,132 patients, including the 451 of 643 patients with ELLL, with inconclusive focal liver lesions or evaluation for gastroenterological tumors, renal and ureters diseases, abdominal injury, retroperitoneal diseases and other abnormalities, were evaluated using a 64-multiple-detector CT scanner (LightSpeed VCT, GE Healthcare, Milwaukee, WI). Any inconclusive focal liver lesions received multiphase (unenhanced and /or arterial, portal venous, and delayed equilibrium phase) CT.
Image Interpretation
Using the CT images as reference, the presence of ELLL and the location of focal lesions in the liver were determined.
Statistical Analysis
The quantitative variable of the size of the focal lesions was analyzed using an independent sample t-test. Qualitative data, including the visualization of the ELLL before and after stomach distending, the detection of focal lesion in the ELLL before and after stomach distending, comparison of detection of focal lesion between normal-length left lobe of the liver and ELLL, were analyzed using Pearson's v2 test. A P value (two-sided) of less than 0.05 was considered to indicate a statistically significant difference. The statistical analyses were performed by using SPSS 20 software (IBM Corp, Armonk, NY).
Results
After CT evaluation, 89 patients with ELLL who did not agree to drink enough water for the evaluation of focal lesions in the ELLL by second ultrasound, and 103 patients with ELLL and splenomegaly or removal of the spleen, were excluded for the subsequent additional ultrasound evaluation. A total of 643 of 13277 patients were found with ELLL by ultrasound. Of these, 259 underwent CT examination, did not have splenectomy or splenomegaly, and were able to drink enough water for a second follow-up ultrasound examination. Sixteen of these patients were found to have focal lesions in the ELLL (9 males, 7 females, age range 29 to 81 years, mean age 53.6 years) by CT. The liver and spleen could be visualized at the same view in 7 of 100 patients before the stomach was distended with water; after the stomach was distended with water, the liver and spleen could be visualized at the same view in 100 of 100 patients (P < .001). None of the 16 patients with focal lesions in the ELLL was detected before the liver and spleen could be visualized by ultrasound at the same view, and 14 of 16 patients with focal lesions in the ELLL were detected after the liver and spleen could be visualized by ultrasound at the same view (87.5%) (P < .001) ( Table 1) . Focal lesions in the normal-length left lobe of the liver of 20 patients were all detected at ultrasound scanning.
There was no significant difference between the normallength left lobe of the liver and the ELLL when the liver and spleen were visualized at the same view (after the stomach was distended) for the detection of focal lesions (P 5 .813). Figures 2 to 6 illustrate the normal-length left lobe of the liver, the ELLL, the effect of distending the stomach on the visualization of the liver and the spleen in the same view, the detection of focal lesion in the ELLL.
Discussion
The ELLL is an anatomical variation that occasionally introduces clinical symptoms and signs, and receives little attention in clinical practice. 7, 8 It can be read clearly on CT and magnetic resonance images, but is seldom described elaborately in ultrasound imaging. A previous study showed that it is not easy to visualize completely in conventional ultrasound scanning, and therefore may lead to failure of detection of focal lesion. 1 The results of this study support this idea. Removing any interference of gas abutting the ELLL is an important measure to improve visualization of the liver and detection of focal lesions in it. In this study, distending the stomach with sufficient water markedly improved the visualization of the ELLL, and substantially increased the sonographic detection of focal lesion within it. This is consistent with a previous study that found that distending the stomach Figure 4 . A, Scanned from the inferior xiphoid and subcostal region with acoustic beam directing to the ELLL and spleen, the ELLL (arrows) and the spleen cannot be visualized at the same view before distending the stomach with sufficient water. B, Scanned from the inferior xiphoid and subcostal region with acoustic beam directing to the ELLL and spleen, the ELLL (arrows) and the spleen can be visualized at the same view after distending the stomach with sufficient water. Figure 5 . Scanned from the inferior xiphoid and subcostal region with acoustic beam directing to the ELLL and spleen, the normallength left lobe of the liver and the spleen can be visualized at the same view after distending the stomach with sufficient water.
with sufficient water improved the visualization of the ELLL from 4.7% (2 of 43) at void stomach to 100.0% (43 of 43) at distended stomach. 2 This indicates that distending the stomach with sufficient water is a reproducible, effective method to overcome the disadvantage of ultrasound protocol in abdominal imaging, and expands the ultrasound application. The main reason why detection of focal lesions in the ELLL increased substantially after distending the stomach was that the fluid-filled stomach acts as a sonic window and pushes the peripheral tissues outside so that the gas interference in the stomach and colon recedes markedly. Moreover, the artifacts are reduced, and the ultrasound imaging quality is enhanced. 2, [9] [10] [11] The ELLL may drape the spleen and reach the left abdominal wall; when this occurs, only the ELLL and the spleen can be visualized at the same view that the ELLL can be visualized completely. The ELLL can be detected from intercostal space of the left flank, but the visualization of it suffers from gas interference from the colon and lung, and it cannot be visualized completely. 2 Focal lesions in the ELLL of 2 of 16 patients (12.5%) were not detected by ultrasound in this study, the causes of which may be that the lesions were located at the far field of the ultrasound scanning, or there was less sufficient stomach distending. Because of the ambiguous echogenic difference between the lesion and the peripheral parenchyma, sonographic resolution was not high. Distending the stomach with water or other fluid for improving ultrasound imaging is not a new method. Previous experience involves primarily the ultrasound imaging of the stomach, pancreas, the ELLL, and spleen, 2, [8] [9] [10] [11] [12] [13] [14] but there is no reference for using it for detection of focal lesion in the ELLL. Reports of ultrasound imaging associating with the ELLL primarily include misdiagnosis of the liver as spleen trauma. 15, 16 The results of this study indicate that distending the stomach with water has practical value for enhancing the detection of focal lesion in the ELLL and reducing a false negative diagnosis.
Some limitations of this study were that not all patients were evaluated with both CT and ultrasound, and the enrolled patients were only a portion of them, which resulted in a relatively small sample size in the final study. The enrolled patients were required to drink enough water, which caused an inconvenience to patients, and some patients did not commit the study.
Collectively, the presence of the ELLL increases the difficulty of complete visualization of the liver, and therefore increases the probability of missing the detection of focal liver lesion. Distending the stomach with sufficient water enables complete visualization of the ELLL and increases substantially the detection of focal lesion in it by ultrasound. If ultrasound radiologists are aware of the presence of ELLL and alternate methods of ultrasound examination, this would increase the detection and improve the ultrasound diagnosis.
